The built environment has been reported at attributing 48% of all energy consumption in the US with around 75% of all the electricity produced in the US and 20-40% of the total energy consumption in Europe and other advanced countries. The built environment is responsible for about half of the greenhouse gas emissions in the U.S. and 30-40% of the total carbon emissions in the UK. Buildings also contribute indirectly to greenhouse gas emissions. Production of construction materials is primarily dependent on conventional energy sources in many parts of the world. Construction sector in India emits about 22% of the total annual emission of CO 2 . Out of the emissions from the construction sector, around 80% are resulting mainly from the products/industrial processes of energy intensive building materials (i.e. cement, lime, steel, bricks and aluminum.) Over the next three decades, the building stock is projected to grow extensively, which creates an extraordinary opportunity to achieve significant emissions reductions in the building sector. Pressure to slash CO 2 emissions continues to mount with growing levels of legislation and incentives to preserve our environment. To meet these targets, considerable research into energy efficiency is underway. The review in this study identifies the role of city planning and buildings in global carbon emission and solutions to reduce it with appropriate technologies and materials. This review helps in developing an insight about buildings' role in carbon emission.
Introduction
The Intergovernmental Panel on Climate Change (IPCC) in the U.S. has basically identified that it is very likely that climate change is occurring (Climate Change, 2007) . Accelerated industrial growth in many parts of the world has resulted in fast urbanization and higher need of habitat for more people in urban areas in addition to enhanced lifestyle of the people. This expansive growth demands more energy, as a result, power demand has drastically increased after the industrial revolution.
Most of the energy is basically produced by conventional resources, which are non-renewable and limited. Globally fossil fuel (oil, gas and coal) account for 90% of primary energy production (Hilary and Samuel, 2007) . Moreover, nonrenewable sources of power generation are major contributors of greenhouse gas (GHG) emission out of which, carbon dioxide (CO 2 ) is crucial. The idea of using renewable energy sources is still not popular due to high costs, especially in developing countries. There is a need of limiting of energy consumption and improvement of efficiency and shifting energy generation from conventional sources to renewable energy sources that will help in stepping towards a carbon free society. This process involves many work groups from society and requires a systematic approach towards developing better technologies and awareness amongst people.
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A Target for Converging on Global Average Emissions
Emissions from fossil fuels are responsible for around 35.5 billion tons of CO 2 per annum. With a global population estimated at more than 7 billion, this amounts to an average of approximately 1.4 tons of carbon per person (5.1 tons of CO 2 per person). The actual average emissions vary considerably by country and by lifestyle. Industrial countries such as the US or China produce the highest levels of emissions and the highest levels of emissions per capita can be found in rich countries that have small populations such as the Arab Gulf States. According to the average per capita emissions in 2012 for the top fossil fuel emitter countries (Carbon Budget, 2013) , China is growing rapidly and the US is declining fast. If all the world population led lifestyles similar to the Europeans, then global CO 2 emissions would double. If they followed North American patterns of consumption then emissions would increase more than three-fold. Maximum concentration of atmospheric CO 2 considered safe is 4500 parts per million (ppm). This is equivalent to reaching global average emissions of around 2.1 tonnes CO 2 per person per year before 2050. This requires reductions in the order of 70% in Europe, 70% in China, 87% in North America and 59% in the World.
Buildings Sector Energy
Buildings Consume More Energy than any other sector. The Building Sector consumes nearly half (48.7%) of all energy produced in the US (Architecture, 2030) . Around 75.7% of all the electricity is used just to operate buildings. Globally, these percentages are even greater. Building Sector Energy Consumption is expected to grow faster than that of industry and transportation. Between the year 2012 and 2030, building sector energy consumption is expected to increase by 4.74 quadrillion British thermal units (qBtu). Energy consumption by industry is expected to grow by 3.33 qBtu and transportation sector energy is expected to grow by 0.37 qBtu. To put these projections into perspective, 1 QBtu is equal to the delivered energy of: 37 nuclear power plants (at 1000-MW each), or 235 coal-fired power plants (at 200-MW each).
Reducing energy demand through building efficiency is significantly cheaper than producing the same amount of energy by coal or nuclear power. According to estimates by Architecture, 2030 Challenge, the cost of 1 QBtu delivered energy through making buildings more energy efficient can cost $42.1 billion; while the cost to generate an equivalent amount is 104.5 billion U.S. dollars if coal power plants are used or 141.3 billion U.S. dollars if nuclear plants are used.
The UAE and the Increasing Energy Demands
In the GCC, Saudi Arabia and Kuwait were the only other countries that have peak electricity generations greater than 10,000 MW. In the UAE, peak electricity demand in 2007 was 5,830 MW for Abu Dhabi, 4,730 MW for Dubai, 1,557 MW for Sharjah, and 1,680 MW for the other emirates (Gulf News, 2008) . Figures in Abu Dhabi showed that peak electricity generation by the Abu Dhabi Water and Electricity Authority (ADWEA) exceeded 10,000 MW for the first time in early July 2012 (ADWEC Statistical Leaflet, 2012) . It is predicted that Abu Dhabi's electricity demand will rise by an average of almost 13% per year this decade, a rate that is one-third faster than the increase in power use in the last five years (The National, 2011) . Electricity use in Abu Dhabi and exports to other emirates will rise to 28,188 MW by 2020. In 2008, commercial and residential buildings in Dubai were responsible for about 46% and 34% of total electricity consumption (27,931 GWh), respectively. The remaining 20% was consumed in industrial and other uses. The forecasted electricity load figures for the year 2020 are more than double this level. According to information from the Dubai Electricity and Water Authority (DEWA) published in Arabian Business (2012) ,power demand in Dubai peaked at 6,165 MW in the period April 1-June 30, up from a peak of 5,941 MW in the second quarter of 2011; this represents a rise of 3.8% in the second quarter of 2012, compared to the same period last year.
Fossil Fuels and Climate Change
Buildings are the largest contributors to climate change. With so much attention given to trans-portation emissions, many people are surprised to learn this fact. In truth, the Building Sector was responsible for nearly half (44.6.7%) of U.S. CO 2 emissions in 2012 (Architecture, 2030) . By comparison, transportation accounted for 34.3% of CO 2 emissions and industry just 21.1%. Most of this energy is produced from burning fossil fuels, making this sector the largest emitter of greenhouse gases on the planet and the single leading contributor to anthropogenic (human forcing) climate change.
Fossil fuels supply 75% of building sector energy consumption (Architecture, 2030) . CO 2 emissions from the Building Sector are projected to increase between 2012 and 2030, remaining the largest source of U.S. CO 2 emissions. It is the burning of fossil fuels to generate energy that results in the production of carbon dioxide and other greenhouse gasses that are now fueling dangerous climate change. As of 2010, the total U.S. building is equal to 275 billion square feet. Every year around 1.75 billion Sq.ft., is torn down, 5 billion Sq.ft. is renovated, and 5 billion Sq.ft. is built as new. By the year 2035, approx. 75% of the built environment will be either new or renovated. This transformation over the years represents a historic opportunity for the architecture and building community to avoid dangerous climate change.
Commercial Buildings
Commercial buildings represent around 20% of US energy consumption, with office space, retail space, and educational facilities accounting for about half of commercial sector energy consumption. Between 1980 and 2009, commercial floor space and primary energy consumption grew by 58% and 69%, respectively. In aggregate, commercial buildings consumed 17.9 quads of primary energy in 2009, representing 46% of building energy consumption and 18.9% of US energy consumption. In comparison, the residential sector consumed 21.0 quads of primary energy, equal to 22.3% of US energy consumption. The top three end-uses in the commercial sector are space lighting, space heating, and space cooling, which represent half of commercial primary energy consumption (EIA Annual Energy Outlook, 2012).
Office and retail and service buildings use the most because these types of buildings are very common and there are many of them. Together they account for 41% of all commercial building energy, according to Energy Information Administration, 2003 Commercial Buildings Energy Consumption Survey (EIA-CBEC, 2003) . Office Buildings have the second largest amount of buildings and floor space. They consume the most energy of all building types, accounting for 19 % of all commercial energy consumption. They use a total of 1.0 quadrillion Btu of combined energy. Electricity energy consumption (Btu) by the end use in office buildings in 2003 indicates that lighting accounts for the most use (39%), followed by space cooling (14%) and ventilation (9%) (EIA-CBEC, 2003) . This gives clear indication that one should start to solve the energy problem by energy efficient design strategies related to day lighting and cooling/ventilation measures, and then replace the residual consumption of energy that will always be there with renewables rather than non-renewables.
Renewable Energy Potential and Challenges
The change of policies, regulations and fuel switching measures to consider emission mitigation can result in a carbon emission saving up to 25% (Dakwale and Ralegaonkar, 2012) . Substantial reduction in carbon emission can be achieved by shifting power generation technology from conventional sources to cogeneration or hybrid technology. For example, the combination of conventional and solar technology for power generation results in a carbon emission reduction of 40% when compared with conventional methods.
Renewable energy technology is set to grow in all its forms by at least 20% per annum (Sayigh, 2011) . Most countries are investing billions of US dollars into harnessing clean and sustainable renewable energies. For example, there is one application of 70 MW of PV in Italy; 300 MW off shore wind one wind farm in the UK; and most European Countries have introduced feed-in-tariffs (FIT) which will accelerate the use of renewable energy.
The feed-in tariff or FIT Program in North America's is a comprehensive guaranteed pricing structure for renewable electricity production. It offers stable prices under long-term contracts for energy generated from renewable sources, includ-Science Target Inc. www.sciencetarget.com ing: biomass, biogas, landfill gas, on-shore wind, solar photovoltaic (PV), and waterpower. The FIT Program in Ontario was enabled by the Green Energy and Green Economy Act, 2009 which was passed into law on May 14, 2009. The Ontario Power Authority is responsible for implementing the program. By encouraging the development of renewable energy in Ontario, the FIT Program will help Ontario phase out coal-fired electricity generation by 2014 -the largest climate change initiative in Canada, boost economic activity and the development of renewable energy technologies, and create new green industries and jobs.
Wind Energy
There are three types of wind energy applications: on-shore, off-shore and floating type. The on-shore is relatively cheaper to install and operate, but it has to negotiate the environmental and sociological concerns, which are loudly voiced, by various lobbies. This adds to its cost. Off-shore wind farms, on average, are 20% more expensive than on-shore. Globally, wind energy growth is in the range of 20-30% per year. It is interesting to note that by June 2011, total global capacity had reached 204 GW. China, US, Germany, and Spain are leading countries in growth of wind capacity (China: 44 GW, US: 42 GW, Germany: 28 GW, Spain: 21GW). Off-shore development is expected to reach a capacity of 8-10 GW by 2015. It is clear that this technology is set to grow. Machines of a capacity of 7 and 10 MW are being manufactured in Germany. It is also evident that 1 MW of electricity is sufficient to supply 1,000 homes in Europe and US while it is sufficient to supply electricity to 3,000 homes in the developing countries. Also the price of electricity to the consumer is decreasing making it more competitive with those of gas electricity.
Photovoltaic Technology (PV)
This is an area that has seen massive investment and progress. In the 1970s, solar cell efficiency never exceeded 9% except those used for space exploration. Now we have single junction cells with 21% efficiency. The cost has dropped from US$50 Wp to US$2 Wp.
Conventionally, the only factors that are taken into consideration when choosing a PV technology for a building are its cost and efficiency. Other very important factors that actually affect the overall cost and the performance of a PV system are not usually considered. The main reasons for installing PV systems on buildings are as follows, in many cases there could be a combination of these reasons: reduction of carbon footprint, profit where and when regulatory framework allows (e.g. feedin tariffs, incentives, etc.), and absence of a grid (Mahieddine Emziane, 2011).
Renewable Energy in GCC
In the Gulf States: Saudi Arabia is investing US$ 250 billion in renewable energy; Abu Dhabi has MASDAR, investing US$ 18 billion in this sustainable city; Kuwait has just announced the setting up of US$ 2 billion center for renewable energy; and Qatar has already allocated US$ 1 billion towards renewable energy.
Efforts to Mitigate Buildings GHG Emissions Problem
Pressure to slash GHG emissions continues to mount with growing levels of legislation and incentives to preserve our environment. Several international and local initiatives have been made. Their common goal is to achieve a dramatic reduction in the climate-change-causing GHG emissions of the Building Sector by changing the way buildings and developments are planned, designed and constructed. The efforts branched into several directions to achieve the common goal: buildingrating systems (such as the LEED rating system by the US Green Building Council and Estidama Pearl Rating System in Abu Dhabi), building energy efficiency and high-performance/green building standards (e.g., ASHRAE Standards 90.1 and 189.1), design targets for reducing CO 2 emissions (e.g., AIA Architecture 2030 and Directive on the Energy Performance of Buildings or EPBD), design guidelines (e.g., ASHRAE GreenGuide), and also other efforts. Some of these important efforts are listed below.
International Efforts
The AIA 2030 Challenge in the US led by architect Edward Mazria, was formed in 2002. AIA 2030 Challenge sets achievable and affordable targets:
-That all new buildings and major renovations be designed to meet a fossil fuel, GHG emitting, energy consumption performance stan-dard of 50% of the regional average for that building type.
-An equal amount of existing building area should be renovated annually to meet a fossil fuel, energy-consumption performance standard of 50% of the regional average.
-That the fossil fuel reduction standard for all new buildings be increased to Carbon neutral by 2030 (using no fossil-fuel GHG-emitting energy to operate)
The AIA 2030 Challenge sets targets for building energy in terms of percentage improvement of the Energy Use Intensity (EUI). EUI is expressed in energy use per area per year (or GJ/m 2 /year). These targets are specified for different locations and different commercial space uses and building types. It starts by 50% or 60% improvement targets and sets more challenging targets for the future years such as 70% by the year 2015, 80% by the year 2020, 90% by the year 2025, and finally carbon neutral by the year 2030. Through design strategies, technologies and system, and off-site renewable energy, buildings can be designed and constructed today that meet the 2030 Challenge targets.
Europe also has been making significant progress towards improving energy efficiency and other sustainability aspects in buildings since the Directive on the Energy Performance of Buildings (EPBD) was placed in effect throughout the European Union in January 4, 2006 (European Commission, 2002) . All EU member states are obligated by this directive to bring into force national laws, regulations, and administrative provisions for setting minimum requirements on the energy performance of new and existing buildings that are subject to major renovations and for energy performance certification of buildings. The objective is to properly design new buildings and renovate existing buildings in a manner that will use the minimum non-renewable energy, produce minimum air pollution as a result of the building operating systems, and minimize construction waste.
Local Efforts
In Abu Dhabi, a new rating system and guidelines called Estidama was introduced; in Dubai, a new green building code was introduced and the US Green Building Council LEED rating system was adopted in order to tackle this issue and improve environmental performance of buildings with consideration to issues of health, culture, and economy. Estidama is Abu Dhabi's contribution to the global discussion of how to create more sustainable communities, cities and global enterprises Estidama (2011a Estidama ( , 2011b . Through the Pearl Rating System, Estidama seeks to target energy conservation through technological transitions in the building sector. The Pearl Rating System is organized into seven sections; one of which, titled Resourceful Energy (RE), focuses on energy conservation. The number of credit points available in a given section determines the weighting of that section. The maximum number of credit points available for RE is 42 for the community rating system and 44 credit points for the building rating system. Owing to the significance of energy conservation, the RE section is given the highest weighting (or maximum achievable points) in both rating systems (community level and building level) of all sections.
Strategies to Create Sustainable EnergyEfficient Buildings
Sustainable building operational systems can be categorized to: passive systems, active systems, integrated passive and active systems, water conservation strategies, wastewater and sewage recycling systems, power generation systems. These categories are based on their functions and their relation and impact on natural resources such as energy and water. To create green or environmentally sustainable buildings, (Yeang, 1999) recommended maximizing reliance on passivemode systems while minimizing reliance on active systems. This could be achieved through appropriate design of the built-form configuration, site layout, façade design, solar-control devices, passive daylight devices, envelope materials, vertical landscaping, and passive cooling. He provided detailed guidelines on how to design these elements.
Available strategies that would substantially reduce building sector GHG emissions can be divided into three general categories (Kharecha et al., 2010) : -The planning and design strategies include: building shape, orientation and color, spatial
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-The building envelope and material and equipment selection include: adequate insulation values, radiant barriers, low-emissivity (low-e) coatings and argon-filled glazing, thermal break windows and systems and movable insulation, sunlight and daylight fixtures and systems, cool and green roofs, occupancy and CO 2 sensors, and day lighting controls and photo sensors.
-The added technologies category include: solar hot water heating, photovoltaic systems, micro-wind electric generation, community scale solar thermal, wind and biomass electric generation, and combined heat and power systems.
In contemporary commercial buildings, large glazed envelopes are common, especially in shopping malls, office buildings, and other retail buildings. These envelopes cause a considerable increase in the cooling load of a building due to the increased solar heat gain (Rijksen et al., 2010) . Improvement in the thermal performance of building envelopes leads to reductions in carbon emissions. A saving of carbon emission of 31-36% can be achieved via retrofitting and the selection of appropriate U-factors for building envelope materials. Also, reusing, recycling and regeneration of building energy together can save up to 10% of total energy and subsequently mitigate further emissions. Building energy simulation during the design process has proven effective in studying the effects of these parameters on building energy efficiency.
Building Integrated Photovoltaic (BIPV) Key Issues in GCC
There are a large number of factors that affect the selection and design of the PV technologies in buildings (Mahieddine Emziane, 2011) . Cost has been for many years a barrier resisting the wide use of PV technologies in buildings. However, the amount of Building Integrated Photovoltaic (BIPV) installed has increased exponentially after the decrease of PV cell costs and the favorable renewable energy feed-in tariffs imposed by several countries worldwide (Ahmed and Sivanandan, 2009 3. Use of diffused sunlight: The sun is always moving during the daytime hours on a curve known as the sun path. Also, every day of the year has a little different sun path from the day before or after. That is because the tilt angle of the sun path changes every day. Based on this, direct solar radiation usually strikes perpendicularly one surface only of a building at a certain time; while the other external surfaces of the building receive only diffuse radiation. Hence, the PV modules intended be used in the built environment have to possess the capability of efficiently harvesting diffused sunlight. One needs also to consider that the intensity of diffused light is much lower than that of direct light and thus is usually not harvested efficiently by solar modules.
4. Long term stability: In general, it is preferable to use PV modules that have the longest lifetime and the least power degradation over time. Buildings are usually designed to last 20-50 years. As a minimum one should design the PV modules with 20 years lifetime.
5. Sensitivity to the angle of inclination: It is important to assess PV technologies in terms of the change in the power output as a function of the change in the angle of inclination. It is always better to choose such a technology that is the least sensitive to the angle of inclination so that it can give a similar power output when installed on either the façade or the roof.
6. Solar Shading PV: With the introduction of the transparent PV cells, these new technologies could be engineered to receive the required direct and diffused sunlight to generate power while shading windows or glass cladding behind them. Hence, these solar cells are not only for the purpose of energy generation, but could also act as tinting for the glass windows.
7. Operation and maintenance: In hot climates where sand and dust exist extensively, PV cells need to be occasionally cleaned to ensure a maximum solar power harvesting.
8. Aesthetics: Aesthetics of building exterior is a very important issue in architecture. PV cells need to be made in a way that they can blend in nicely with the exterior design of a building. In many scenarios, such as large-scale installation on commercial buildings, aesthetics is a more important factor than the cost of the modules (Sivanandan, 2009 ).
Conclusion
Fast urbanization and higher need of habitat for more people in urban areas in addition to enhanced lifestyle of the people demands increasing levels of energy every year. Most of the world energy is still produced by non-renewable sources of power generation that are major contributors of greenhouse gas (GHG) emission out of which, carbon dioxide (CO 2 ) is crucial. Available strategies that would substantially reduce building sector GHG emissions can be divided into three general categories: (1) the planning and design strategies, (2) the building envelope and material and equipment selection, and (3) the added technologies category. It is recommended to maximize reliance on passivemode systems while minimize reliance on active systems. This could be achieved through appropriate design of the built-form configuration, site layout, façade design, solar-control devices, passive daylight devices, envelope materials, vertical landscaping, and passive cooling. A saving of carbon emission of 31-36% can be achieved via retrofitting and the selection of appropriate Ufactors for building envelope materials. A number of reviewed issues/factors affecting the design of BIPV in hot environments need to be considered. These include the harsh hot climate issue, the maintenance and cleaning issue especially the dust accumulation, the inclination angle sensitivity, the importance of considering diffused sunlight, the potential of using flexible PV, the advantage of solar shading PV, life time issues, and esthetics.
